Abstract. In the 43 years since the first description in California, epizootic bovine abortion (EBA) has been considered but not definitively diagnosed as a cause of late-term abortions on Nevada ranches. Examination of aborted full-term bovine fetuses obtained from Nevada ranches revealed gross abnormalities consistent with EBA (enlarged lymph nodes, petechial hemorrhages of the oral mucosa and conjunctiva, ascites, and splenohepatomegaly), and EBA was confirmed by histologic examination of fetal tissues. The histologic thymic changes were characteristic of EBA and included severe histocytic thymusitis with depletion of thymocytes, interlobular hemorrhage, and fibrinocellular exudation. The gross enlargement of lymph nodes was the result of cortical follicular hyperplasia and histiocytic lymphadenitis. In addition, widespread, predominately nonsuppurative histologic lesions typical of EBA were observed in most organs, including the brain, lung, heart, liver, and spleen. Furthermore, the presence of Ornithodorus coriaceus, the argasid tick vector of EBA, was established by tick collection using CO 2 traps. The tick was identified on ranches and in geographic areas (northern and northwestern counties of Nevada) coincident with diagnosis of multiple cases of EBA. This study establishes the presence of EBA as a cause of late-term abortion in Nevada. Additionally, identification of the EBA tick vector, O. coriaceus, in the same areas as the abortions provides strong evidence that the disease is endemic.
Epizootic bovine abortion (EBA), or foothill abortion, was initially described as a unique, pathologically identifiable disease in 1956, 4 although what is believed to be the same syndrome was reported as early as 1923. 20 Initial and subsequent occurrences have been reported in regions of California consisting of oak woodlands and sagebrush-juniper rangelands in the mountain foothills surrounding the Sacramento and San Joaquin valleys. 7, 8 Pregnant cattle grazed on such rangelands are at risk for EBA, usually in the last trimester. In some cases, premature weak calves have been associated with EBA outbreaks. These calves exhibit high mortality, but some calves clearly affected by the disease survive. 8 The diagnosis of EBA is based on characteristic gross and histologic lesions because there is no specific test available to identify the unknown infectious agent. [5] [6] [7] [8] 16 Additional information to support a diagnosis of EBA has classically included consideration of herd history (exposure to the tick vector) and elimination of other potential etiologies. 7, 8 A variety of microbes have been proposed as causative agents of EBA, including Chlamydia, Borrellia, a spirochete, and viruses 1, 8, 10, [12] [13] [14] [15] [16] 18, 19, 21, 22 However, after more detailed characterization, each organism has been excluded as the putative etiologic agent of EBA. The lesions are chronic, developing progressively over a period of Ն3 months. The fetus is aborted in late term and is usually quite fresh, or the calf may be born alive. Petechial hemorrhages are common in the mucosa of the conjunctiva and oral cavity. Generalized enlargement of lymph nodes is evident, and superficial nodes can be palpated through the skin. Abdominal distension due to ascites and liver enlargement is often present. Splenic enlargement accompanied by enlargement of other internal lymph nodes is usual. The thymus may be reduced in size with interlobular to diffuse hemorrhage and edema in the cervical portion. The lungs may be partially inflated.
Histologic examination of fetal tissues, particularly the lymphoid organs, is required to confirm a diagnosis of EBA. 2, 7 Thymic lesions, which are typical of EBA, develop late in the course of the disease and consist of a loss of cortical thymocytes and infiltration of the medullary region with macrophages. 6 Frequently, interlobular septa are distended with fibrin, hemorrhage, and cellular infiltrate consisting of macrophages and other mixed inflammatory cells. The gross enlargement of the lymph nodes is associated with histologic changes of lymphoid follicular hyperplasia, with widespread macrophage infiltration in the sinuses and medulla. Lymphoid hyperplasia is also present in the splenic white pulp, with macrophage infiltration. Late in the course of disease, following the proliferative response, acute necrotic foci are frequently present in lymphoid organs. There are widespread inflammatory lesions with a vascular orientation in most organs, including the brain, lung, and liver. In the brain, there is a granulomatous meningitis with focal gliosis and vasculitis. The alveolar septa of the lung are thickened with mononuclear cell infiltration and focal granulomatous infiltration in the interlobular septa. A consistent although less specific feature is a granulomatous portal hepatitis with variable centrilobular congestion and hepatic cord atrophy. Fetal immunoglobulin levels are usually elevated.
The restricted geographic distribution of EBA indicates that the disease might be transmitted by a vector with a similar restricted distribution. Subsequent investigation has demonstrated that the argasid tick Ornithodorus coriaceus inhabits ranges that are geographically similar to areas of reported EBA 11 and that pregnant susceptible cows parasitized by these ticks develop disease indistinguishable from EBA acquired in nature. 17 Although O. coriaceus (typically referred to as the pajaroello tick) was first described in 1844 in Mexico, 8 the majority of these ticks has been collected in California. 9 The tick appears to be slowly moving eastward by taking advantage of domestication and management of livestock through increases in population density and distribution. 9 The tick is seasonally active and rarely found during the winter. The majority of O. coriaceus has been collected from large mammal bedding grounds, such as those created by deer and cattle. The tick typically feeds within 15-25 minutes and then drops off the host; larvae can remain on the host for 7-10 days. Although the tick has been established as a vector of EBA, transovarial transmission of the infectious agent has not been established.
In California beef cattle, EBA is the major diagnosed cause of abortion (California Animal Health and Food Safety Laboratory [AHFS], unpublished data). In view of sporadic recovery of fetuses with macroscopic lesions characteristic of EBA from northern and northwestern counties of Nevada, Nevada ranchers were encouraged to inform the Nevada Animal Diseases Laboratories and/or the University of Nevada Department of Animal Biotechnology of possible EBA. Sixteen aborted fetuses were recovered and necropsied, and samples were submitted to the AHFS for examinations to determine the cause of the abortion. Additionally, tick-trapping studies were undertaken to determine whether O. coriaceus was endemic in the areas from which aborted fetuses were submitted and to attempt to extend knowledge of the distribution of this EBA vector.
Materials and methods
Fetuses and necropsies. Sixteen naturally occurring instances of possible EBA were reported by Nevada beef cattle producers during the months of November, December, and January of 1996, 1997, 1998, and 1999. Collected fetuses came from ranches in northwestern and north-central Nevada. Necropsies were performed on all fetuses 6-36 hr after their recovery from the ranches. Gross changes in lymph nodes, hepatic and splenic enlargement, and the presence of ascites and mucosal petechiae were noted. At necropsy, cardiac blood samples were obtained from 10 of the 16 fetuses, and immunoglobulin G (IgG) levels were determined using a commercially available radial immunodiffusion test. a Serum was either not obtained from the remaining 6 fetuses or was not suitable for testing because of poor fetal condition.
Histopathology. At necropsy, representative samples of brain, trachea, lung, heart, liver, kidney, adrenal gland, spleen, thymus, lymph node, esophagus, abomasum, small intestine, and skeletal muscle were removed and fixed in 10% neutral buffered formalin. Fixed tissues were embedded in paraffin, sectioned at 3 m, and stained with hematoxylin and eosin (HE).
Tick collection. Ornithodorus coriaceus ticks were collected from 1996-1999 with CO 2 traps as described previously. 3, 17 Pitfall traps were composed of enamelware pans 12 cm wide ϫ 25 cm long ϫ 5 cm deep. Traps were set into the ground such that the outside top edges were flush with the surrounding ground. Each trap utilized an approximately 300-g cube of dry ice as the CO 2 source. In general, the 6 traps set at each trapping site were observed at 30-min intervals for a period of 2 hr. The selection of trapping sites was largely retrospective because the primary goal was to support the diagnosis of EBA based upon the presence of the tick vector in areas of documented abortions.
Results
Regional tick trapping. The tick vector of EBA, O. coriaceus, was identified in all regions from which EBA-positive fetuses were recovered. These regions comprise most of the contiguous counties of northern and northwestern Nevada (Fig. 1) . Ornithodorus coriaceus was trapped in all counties in which the 12 reported abortions occurred (Fig. 1) .
Macroscopic observations. The gross and macroscopic fetal changes observed at necropsy are summarized in Table 1 . Gross changes including enlarged prescapular lymph nodes, clear straw-colored peritoneal fluid (ascites), petechial hemorrhages of the conjunctiva and membranes of the mouth and gums, and enlarged liver and spleen were observed in those fetuses later confirmed to be associated with EBA. Lymph node enlargement was the most consistent gross lesion noted in all EBA fetuses and in 1 fetus without a histologic diagnosis of EBA. Ten of 12 EBA fetuses had hepatic enlargement, and 8 of 12 had splenic enlargement. Ascites was noted in 10 of 12 EBA fetuses, and mucosal petechiae were seen in 10 of 12 EBA fetuses. In 5 EBA fetuses, all of the tabulated macroscopic changes associated with EBA were present.
Histologic examinations. In 4 of 16 fetuses, no diagnosis was obtained. In 3 of these fetuses (96-2, 96-3, and 96-6), the only histologic abnormality detected was pulmonary aspiration of meconium and epithelial cells. In the fourth fetus (96-5), there was necrosis of thymocytes in the thymic cortex and patchy focal lymphocyte necrosis in the spleen and lymph node, with elevation of the IgG concentration in the fetal serum (120 mg/dl).
In the 12 fetuses in which a diagnosis of EBA was established, there were widespread chronic histologic changes involving most tissues. The most diagnostically significant lesions were identified in the thymus. The thymic changes were characterized by diffuse depletion of the thymic lobules with loss of cortical thymocytes. Medullary areas were moderately infiltrated with histiocytic cells. The interlobular septa were distended and infiltrated with mixed mononuclear cells and contained areas of focal fibrin exudate and hemorrhage (Fig. 2) . In the prescapular and mesenteric lymph node sections, there was lymphofollicular hyperplasia of the cortex with primary and secondary follicles. The capsule had variable mixed mononuclear cell infiltrate with numerous lymphocytes and histiocytic cells within the cortex and medullary trabecula. The lymph node sinuses contained histiocytic cells and mixed mononuclear cells (Fig. 3) . In the lung, the alveolar septa were diffusely thickened and hypercellular because of an apparent increase in circulating leukocytes and diffuse mononuclear cell interstitial infiltration. The interlobular septa and pleura were distended with multifocal areas of hemorrhage and vascular congestion with focal infiltration by a mixture of mononuclear cells and focal fibrin exudation (Fig.  4) . Multifocal nonsuppurative inflammatory cell infiltrates were present in the myocardium, epicardium, and endocardium (Fig. 5 ). There were also multifocal areas of acute necrosis of the myocardial cells. The spleen was diffusely hypercellular with expansion of the white pulp due to increased numbers of histiocytic cells and small mononuclear cells, primarily lymphocytes. The serosa of the spleen was thickened and infiltrated with a mixture of mononuclear cells. The digestive tract contained widespread perivascular infil- tration of the submucosa and muscle layers by mixed mononuclear cells. Other lesions noted were lymphocytic to lymphohistiocytic meningoencephalitis, myositis, and interstitial nephritis.
Immunology. Serum samples obtained from 10 of the 16 aborted fetuses were suitable for determination of IgG concentration by radial immunodiffusion. In 8 sera, the IgG level was elevated (Ͼ15 mg/dl). 6 All 7 fetuses with lesions consistent with EBA from which serum was analyzed had elevated IgG levels ranging from 37 to 268 mg/dl (Table 1 ). In the 3 fetuses not associated with EBA but from which serum was obtained, 2 had negative IgG levels and 1 had elevated IgG levels (120 mg/dl).
Discussion
EBA or foothill abortion has been reported frequently as an enzootic late-term abortion of cattle grazing the foothill regions of coastal and inland mountain ranges of California. 7, 8, 16 It has been considered an infectious disease because of the characteristic pathologic changes observed in organs of aborted fetuses 7 and the ability to reproduce the disease by allowing the argasid tick O. coriaceus 17 to feed on pregnant cattle and by injection of pregnant cows with pooled tissue extracts from aborted fetuses. 8 However, the etiologic agent of EBA has not yet been determined.
In the absence of an identified etiologic agent, the diagnosis of EBA has been based on the presence of characteristic macroscopic and microscopic fetal changes, a history of herd exposure to the tick vector, and elimination of other abortagenic agents. Twelve of the 16 aborted fetuses submitted from ranches in Nevada had lesions consistent with a diagnosis of EBA. The majority of these fetuses had gross changes of lymphadenopathy, splenohepatomegaly, ascites, and mucosal petechiae that were compatible with this disease. Histologic examination revealed widespread nonsuppurative to granulomatous inflammation in most organs, with histologic evidence of stimulation of the lymphoid tissue. Most significant for the diagnosis of EBA was the presence of severe atrophy of cortical thymocytes, with infiltration of cortex, medulla, and septa by macrophages. [6] [7] [8] In accord with previous observations, IgG levels were elevated in serum from EBA fetuses compared with normal calves. 8 The demonstration of the tick vector of EBA in northern Nevada and identification of aborted fetuses with macroscopic and microscopic changes consistent with EBA indicate that EBA is endemic in Nevada and should be considered in the differential diagnoses in cases of abortion in range cattle in Nevada. Additionally, identification of the tick vector in northeastern Nevada (Elko County), an area from which EBA has not been diagnosed, could indicate that EBA may be either an undiagnosed cause of abortions or an emerging infection in this region of Nevada and contiguous areas of bordering states. In endemically infected regions of California, disease losses have been reduced by management practices such as prior exposure of nonpregnant animals to tick-infested range lands or by delaying the introduction of pregnant animals into such areas until the third trimester of pregnancy. 2 It is critical that producers know the distribution of this disease so they can minimize abortion-associated losses. Similar studies are needed in additional western regions to further define the distribution of EBA and its vector.
